Objective: The purpose of this study was to prospectively examine adolescent and maternal posttraumatic stress symptoms (PTSS) and maternal communication from time near cancer diagnosis to 12-month follow-up to identify potential risk factors for adolescent PTSS.
Introduction
Adolescents with cancer and their parents are faced with significant stress at diagnosis and throughout treatment. Research has examined posttraumatic stress symptoms (PTSS) in youth diagnosed with cancer, as well as survivors in early adulthood. PTSS in this population are particularly concerning because they are associated with lower health-related quality of life and increased distress and could interfere with future, long-term follow-up care [1] [2] [3] . Indeed, several researchers, including Kazak et al. [2] and Bruce et al. [4] , have argued PTSS is an important area of research, as continuous symptom counts may be most applicable to the experiences of families with child cancer diagnoses and even sub-threshold levels of symptoms are associated with impairment and distress that is clinically significant ( [2, 5] ). Therefore an important focus for research is to identify predictors of PTSS during treatment and recovery to alert clinicians to families needing intervention and inform treatment targets.
Kazak et al. [2] present a model of pediatric medical traumatic stress that emphasizes distinct stages from diagnosis (Phase I), through treatment (Phase II), and into survivorship (Phase III). However, there has been relatively little longitudinal research that characterizes distress at early stages and follows families through these phases. Demographic factors associated with adolescent distress, including female sex, older age, and lower SES, have been inconsistently linked to PTSS in pediatric cancer patients [3, 4] . However, meta-analyses examining PTSS risk factors from various forms of trauma indicate that PTSS close to the time of trauma predict subsequent PTSS [6, 7] . Longitudinal prospective studies are rare in pediatric cancer, but Barakat et al. [8] found that PTSS reported months after treatment were associated with subsequent behavioral problems. Therefore, there is evidence to suggest that adolescent PTSS near time of diagnosis will be related to PTSS at 1-year follow-up.
Adolescents' wellbeing during cancer diagnosis and treatment is also closely tied to parents' wellbeing, and at least a subgroup of these parents are at risk for PTSS themselves (e.g. [9, 10] ). Meta-analyses indicate that parent PTSS is a risk factor for child and adolescent PTSS in response to trauma [6, 11] . In a review of posttraumatic stress in childhood cancer survivors, maternal PTSS was identified as a predictor of youth symptoms, although studies have largely been cross-sectional [4] .
Parents serve a vital role during cancer diagnosis and treatment, providing both emotional support and information to their child [12] . However, the components of parentadolescent communication that impact youth PTSS have not been clearly identified, and research has been limited by two methodological factors. First, longitudinal studies are needed to examine mechanisms through which parent symptoms may impact adolescent symptoms over time.
Second, specific communication patterns have rarely been examined in the context of parent and adolescent PTSS. Studies that have examined parenting in association with PTSS have been restricted to self-reports of family functioning and perception of family conflict [13, 14] . Researchers have called for observational studies of parent-child interactions (e.g. [2, 4] ) to reduce the possibility of shared method variance among measures of key constructs and to characterize specific communication patterns that underlie the relation between maternal and adolescent PTSS.
Research on the role of parenting and PTSS can be guided by a model proposed by Scheeringa and Zeanah [15] . They suggest that parental symptoms may disrupt parent-child interactions, which may then exacerbate child symptoms. They propose that harmful communication patterns may occur, including withdrawn/unresponsive, overprotective/constricting, and frightening patterns. Although this model was originally proposed for parents of younger children, support for these communication patterns has been found in samples of parents of older children and adolescents as well. There is evidence for the negative effects of the withdrawn pattern, as parental avoidance behaviors are correlated with child PTSS in studies outside of pediatric oncology [16, 17] . Support has also been found for the negative effects of maternal harsh communication in mothers who experienced war-related trauma [18] , and parents with PTSD are more likely to report using harsh parenting tactics [19] . Withdrawn and harsh maternal communication styles may have particularly negative consequences for adolescents with cancer, who need support in processing their diagnosis and treatment.
Maternal PTSS may also impact adolescent symptoms through micro-level patterns of communication that allow adolescents to process their experiences. Parenting at the micro-level reflects moment-to-moment exchanges between parents and adolescents, similar to discourse pragmatics [20] . Therefore in the current study, micro-level analyses were used to capture maternal responses that allow adolescents to express their thoughts and emotions surrounding their cancer diagnosis and responses that validate those thoughts and emotions. Specifically, maternal solicits (asking questions of the adolescent to elicit information) and validations (confirming, emphasizing, or praising adolescent utterances) were examined during conversations about cancer in the present study. There is preliminary evidence that parents' requests for information and confirmations (analogous to solicits and validations) are positively related to child wellbeing in families of healthy children [21] , but this has not yet been examined in pediatric oncology. In this way, macro-and micro-level coding systems draw on separate but complementary information during the course of interaction. Integrating these analyses can better characterize communication patterns, specify mechanisms of effect, and provide targets for intervention [12, 22] .
The purpose of this study is to examine associations among adolescent and maternal PTSS due to cancer diagnosis and maternal communication over time, in order to identify potential risk factors that predict adolescent PTSS at 1-year follow-up. Maternal and adolescent PTSS were assessed near the time of the adolescent's diagnosis (Kazak's Phase I), and again 12 months later (Kazak's Phase II [2] ). Mothers and adolescents were video-recorded while communicating about cancer between the baseline and follow-up assessments and coded on both macro (harsh and withdrawn) and micro (solicits and validations) levels. We hypothesized that (a) adolescents' and mothers' PTSS near the time of cancer diagnosis will predict adolescent PTSS at 1-year follow-up; (b) maternal communication will be associated with maternal and adolescent PTSS, such that greater maternal PTSS near diagnosis will be related to greater harsh and withdrawn communication and fewer validations and solicits three months later, and these will be related to greater adolescent PTSS at one-year followup; and (c) maternal communication at 3-month follow-up will mediate the relation between mothers' PTSS near diagnosis and adolescents' PTSS at 1-year follow-up.
Method

Participants
Participants were involved in a longitudinal study investigating family adjustment to childhood cancer. Families were recruited from two pediatric oncology centers in the Midwestern and Southern United States. Eligible families had children who (a) were ages 5-17 years old, (b) had a new cancer diagnosis or recent recurrence, (c) were actively receiving treatment through the oncology division, and (d) had no developmental disability. Participants included 41 adolescents and their mothers. The current sample differed from the larger sample in that only families of adolescents (age 10-17; adolescence defined as the second decade of life [23] ) were included, because youth younger than 10 were not expected to be valid self-reporters of PTSS [24] . Adolescents were on average 13.27 years old (SD = 2.33) and 54% were female. Thirty-seven (90.2%) were Caucasian, 3 (7.3%) African-American, and the remainder reported 'Other' for their race; 1 (2.4%) was Hispanic/Latino. Cancer diagnoses included leukemia (36.6%), lymphoma (22.0%), and other solid tumor (41.5%; e.g. sarcomas), but not brain tumors. At T3 followup, 20 (49%) were still receiving treatment, while 21 (51%) were off treatment. Mothers were on average 41.80 years old (SD = 7.82); educational backgrounds ranged from high school to graduate school (M = 3 years of college or trade school). Families reported a range of family income levels (12%: $25 000 or less; 32%: $25 001-50 000; 19%: $50 001-75 000; 15%: $75 000-100 000; 22%: $100 000 or above).
report measures of PTSS and mothers reported family demographics. Approximately 3 months later (Time 2), families were approached to participate in an optional videorecorded observation of a discussion between the mother and adolescent about the adolescent's cancer diagnosis and treatment. At Time 3, on average 1 year after T1, families completed the same questionnaires they completed at T1.
For inclusion in the current analyses, families completed assessments at T1 and T3, as well as the observation at T2. Of the 98 families who completed assessments at both T1 and T3, 41 families had English-speaking mother-adolescent dyads participate in the observation. Reasons for declining the observation included lack of time, not wanting to be videotaped, and lack of interest. Families who completed the observation did not significantly differ from those who declined on adolescent age, mother age, adolescent race, adolescent ethnicity, family income, relapse status, or adolescent or maternal PTSS at either time point.
During the observation, dyads were brought to a private room at the hospital and graduate-level research assistants instructed mothers and adolescents to have a conversation about the adolescent's cancer in whatever way felt natural to them. Mothers received a card with written prompts (e.g. What have we each learned about cancer and how it is treated?) to help guide the conversation as needed. After 15 min the research assistant returned and debriefed the participants to address any potential questions or distress. Mothers and children responded to a questionnaire assessing the representativeness of their communication during the task. In response to the statement 'The discussion represented how I usually communicate with my mother/child about cancer,' 100% of adolescents and 93% of mothers endorsed 'somewhat' or 'very' true.
The Institutional Review Boards of the participating academic medical centers approved all study procedures. Informed consent and assent were obtained from participants. Families were compensated with checks or gift cards.
Measures
Family demographics
Mothers reported adolescents' age and race/ethnicity, and self-reported age, family income, and educational attainment.
Medical information
Adolescent cancer diagnoses and treatment information were obtained from medical records.
Posttraumatic stress symptoms (PTSS)
Adolescents and mothers completed self-reports of PTSS specific to the child's cancer diagnosis and treatment on the Impact of Events Scale-Revised [25] . Participants were asked to answer items 'using your/your child's cancer and treatment as the stressful event' to avoid priming participants to view the cancer diagnosis as traumatic. The IES-R was developed to parallel DSM-IV criteria for PTSD and includes 22 items that assess symptoms in the domains of Hyperarousal, Intrusion/Re-experiencing, and Avoidance in the past 7 days. Responses are on a 5-point scale (0 = 'Not at all' to 4 = 'Extremely'). The IES-R demonstrates good reliability and validity [25] , and it has been used previously with pediatric cancer populations (e.g. [26] [27] [28] ). Severity of PTSS on the IES-R was calibrated with a total score, reflecting number and frequency/severity of symptoms endorsed; previous research indicates that continuous symptom counts that capture frequency and severity of symptoms are well suited for pediatric oncology (see [2, 5] ). Internal consistency in the current sample was excellent for mothers and adolescents across T1 and T3 (Cronbach's α = .90 to .94).
Observed maternal communication: macro-level
The Iowa Family Interaction Scale (IFIRS; [29] ) is a macrolevel system used to code parents' verbal and non-verbal communication, behaviors, and emotions from 1 (absent) to 9 (mainly characteristic). Frequency, intensity, and contextual or affective nature of the behavior as well as age of the child are taken into consideration during scoring. Trained graduate and undergraduate research assistants first passed a written test of code definitions with 90% accuracy and reached 80% reliability on previously coded videos. All videos were coded independently by two coders, who then met to reach consensus. Per the IFIRS manual, higher scores were used when ratings differed by a single point; ratings that differed by more than two points were resolved through discussion.
Two composite codes, harsh and withdrawn communication, were created for the current study and were theoretically derived to capture parenting styles that may result from PTSS [15] . A harsh communication composite code was created by averaging three codes (hostile, inconsistent discipline, and intrusiveness), and a withdrawn communication composite code was created by averaging four codes (neglect/distancing, listener responsiveness, child monitoring, and quality time), the last three of which were reverse scored. Codes and definitions are found in Table 1 . Similar IFIRS composites have been used in previous research with other pediatric populations (e.g. 
Observed maternal communication: micro-level
Unlike macro-level coding which requires watching videos of interactions, micro-level coding is based on examining transcripts and coding individual parent utterances. The Contingency Coding System (CCS; [12] ) was used to examine micro-level communication. The first two maternal utterances immediately after an adolescent's utterance were coded, and each utterance received a single unique code. Solicits and validations were examined in the current study as they were hypothesized to be relevant to PTSS. Solicits are defined as questions asked by the mother to elicit a response while validations are utterances that confirm, emphasize, or praise the adolescent's utterance without adding new content (c.f., [21, 31] ). See Table 1 for code definitions and examples. All observations were first transcribed and then coded by trained undergraduate and graduate coders who achieved 90% accuracy on a written test of code definitions and reached 80% reliability during training. All observations were coded using printed transcripts independently by two coders who met to reach consensus. Percent agreement was 95% for solicits and 80% for validations.
Data analyses
Analyses were conducted using SPSS (22 nd edition). Adolescent and maternal PTSS and communication variables were within acceptable levels of Skewness and Kurtosis. Examination of multivariate outliers was conducted with Mahalanobis Distances. Power analyses indicated that with n = 41, power = .80, and alpha = .05 one-tailed, significant correlations of medium effect sizes (r > .24) could be detected. Means and standard deviations were calculated for all study variables, and Pearson's r and Spearman rho correlations were calculated for associations among variables. One-tailed correlations were conducted for analyses that had a priori hypotheses (similar to previous studies with pediatric oncology, e.g. [28] ), and two-tailed correlations were conducted for all other analyses. To evaluate maternal communication as a possible mediator, the PROCESS macro for SPSS was used [32] . This is based on Ordinary Least Squares regression and incorporates a parametric bootstrapping procedure that provides confidence intervals on total, direct, and indirect effects as well as a kappa-based coefficient. The current analysis was conducted with a 95% confidence interval for the indirect effect with 10 000 bootstrap samples. Mediation occurs if an indirect effect contributes significantly to the model estimation, such that the confidence interval of the indirect path does not contain zero [33] . Similar analyses have been used with pediatric oncology [34] . Regression analyses conducted with SPSS (22nd edition) were also used to evaluate maternal communication as a significant predictor of adolescent PTSS at follow-up.
Results
Preliminary analyses
Means and standard deviations for communication variables are reported in Table 1 . Bivariate correlations indicated that maternal harsh communication was positively related to maternal solicits (r = .44, p < .01). In addition, adolescent age was significantly negatively related to harsh communication (r = À.43, p < .01).
Means and standard deviations for adolescent and mother PTSS are reported in Table 2 . Adolescents' PTSS did not significantly change from T1 to T3, whereas mothers' were significantly lower at T3 than at T1, t(40) = 2.38, p = .02. Adolescent age, sex, and family income were not significantly related to adolescent PTSS or maternal PTSS at either time point. PTSS at T3 did not significantly differ according to treatment status (on or off treatment at T3). Therefore these variables were not included in further analyses. 
Hypothesis 1. Associations between maternal and adolescent PTSS
Correlations were calculated among mothers' and adolescents' symptoms at T1 and T3 (see Table 2 ). Adolescents' PTSS at T1 were significantly positively related to adolescents' PTSS at T3 (r = .43, p < .01). Mothers' PTSS at T1 were significantly positively related to adolescents' PTSS at T3 (r = .28, p < .05).
Hypothesis 2. Associations among PTSS and communication
Solicits were not significantly related to PTSS at either time point (see Table 3 ). Maternal PTSS at T1 were significantly positively correlated with maternal harsh communication at T2 (r = .35, p < .05) and maternal withdrawn communication at T2 (r = .27, p < .05), such that greater maternal PTSS at T1 were prospectively related to more harsh and withdrawn communication. However, neither maternal harsh or withdrawn communication at T2 was significantly related to adolescent PTSS at T3. Maternal PTSS at T1 was significantly negatively related to validations at T2 (r = À.29, p < .05), such that greater maternal symptoms were related to fewer validations three months later; maternal validations during the observation at T2 were significantly negatively related to adolescent PTSS at T3 (r = À.39, p < .01), such that fewer maternal validations were related to greater adolescent symptoms subsequently.
Hypothesis 3. Communication as mediator of PTSS
Given the pattern of findings above, only the indirect effect of maternal PTSS at T1 on adolescent PTSS at T3 through maternal validations was examined. In the model examining validations, the path coefficient of the total effect of maternal PTSS at T1 on adolescent PTSS at T3 was .32 (p = .08), the path coefficient of the direct effect was .21 (p = .24), and the indirect effect of maternal PTSS at T1 on adolescent PTSS at T3 through validations at T2 was .11 (Boot SE = .08, 95% CI = .01-.36). See Figure 1 . The kappa 2 coefficient was .10 (Boot SE = .06, CI = .01-.27), which is considered a medium effect size [35] . This indicates that maternal PTSS at T1 has a significant indirect relationship with adolescent PTSS 12 months later through maternal validations.
To further examine the role of validations, a hierarchical linear regression predicting adolescent PTSS at T3 was conducted, controlling for adolescent PTSS at T1. Maternal PTSS at T1, adolescent PTSS at T1, and maternal validations at T2 were entered as predictors. The regression was significant, F(40) = 5.22, p < .01 (R 2 = .30). In the final step, both adolescent PTSS at T1 (β = .37, p < .05) and maternal validations at T2 (β = À.32, p < .05) were significant predictors.
Discussion
This longitudinal, multimethod study is unique in that it includes assessments during both Phase I and Phase II of Kazak et al.'s [2] model of pediatric medical traumatic stress, and examines associations among PTSS and communication during mother-adolescent discussions of cancer. The results identify risk factors for adolescent PTSS over time and suggest a pathway through which maternal PTSS is related to adolescent PTSS over time. This study therefore holds important clinical implications for families of adolescents with cancer.
Mean PTSS in mothers in the current sample are comparable to that of previous pediatric oncology studies using the IES-R (e.g. [26, 34] ). Results indicate that mothers' PTSS decreased significantly over the 12 months between T1 and T3, similar to results of previous longitudinal studies [26, 36] . Adolescents' PTSS was lower than mothers' at T1, which is also consistent with previous research (e.g. [27] ). However, adolescents' PTSS did not change over time, indicating that adolescent PTSS remains relatively stable over the period of 1 year after diagnosis. Given that this period is characterized by numerous treatments and hospitalizations [2] , it is perhaps not surprising that distress does not decline. It also speaks to the potential utility of clinical services for adolescents during the first few months after diagnosis.
The first hypothesis was supported, as both adolescents' PTSS and mothers' PTSS at T1 predicted adolescents' PTSS 1 year later. Although parent PTSS has been found to be a risk factor for child PTSS over time [6] , this has rarely been examined longitudinally in pediatric cancer. Similar to previous studies [13] , adolescent and maternal PTSS were significantly correlated concurrently at T1. Interestingly, adolescent and maternal PTSS were not related at T3, suggesting that different processes may be unfolding for mothers and patients during the year after diagnosis as mothers' distress declines and adolescents' distress remain relatively stable. The second hypothesis, that maternal communication is associated with PTSS, was partially supported. Of the two macro-level communication variables, both harsh and withdrawn communication were related to maternal PTSS at T1. This is similar to the results of a previous study, in which parents who met criteria for PTSD were more likely to report harsh parenting [19] , but has not been examined with observational methods or in pediatric samples. This finding suggests that mothers with greater symptoms of distress are more likely to demonstrate intrusion and hostility, as well as decreased responsiveness, when communicating with their adolescents about cancer. Harsh communication was also positively correlated with solicits, suggesting that maternal harsh communication may include hostile or intrusive questioning. In addition, harsh communication was negatively related to age, suggesting that mothers of older adolescents demonstrated less irritability and frustration with their child. This may be because younger adolescents engage in more behaviors that can evoke harsh responses (e.g. 'you're being a pest,' see Table 1 .) However, neither macro-level communication variables were significantly related to adolescent's PTSS at T3. Although the mean levels of harsh and withdrawn communication were similar to negative communication composites used in previous research with pediatric asthma samples [30] , the standard deviation in the current study was narrower. Thus, the lack of findings may have been partially due to the restricted range of both of these codes in the current sample. In addition, it is important to consider that nine months passed between the communication task at T2 and T3 when other processes may have been unfolding. Of the two micro-level communication variables, solicits were not related to PTSS at either time point. Perhaps soliciting information is too broad a category to be consistently related to distress, and more context is needed about how the mother is asking questions and what information she is soliciting.
Importantly, results indicate that maternal PTSS at T1 had a significant indirect relationship with adolescent PTSS at T3 through maternal validations at T2, such that maternal validations mediated the relation between mothers' and adolescents' PTSS. It is noteworthy that even in the absence of significant total and direct effects, a significant indirect effect reflects mediation [33] . Regression analyses indicated that validations remained a significant predictor of PTSS at follow-up, even when controlling for adolescent PTSS at T1. Validations serve to confirm, empathize, or praise the adolescent's utterance without adding new content, which may be particularly difficult for mothers experiencing heightened levels of PTSS regarding their adolescents' diagnosis. It appears to be important for mothers to indicate that they are hearing what their child is saying, and to validate their child's thoughts, ideas, and opinions. Although the number of validations was relatively low in the current sample, the mean and range of validations here are similar to that found in previous studies of parent-child communication in families of healthy children [21, 31] ; this may speak to the importance of even a small number of validations. Indeed, validating may go beyond allowing an adolescent to share thoughts and emotions about diagnosis and treatment, to communicating that those thoughts and emotions are acceptable (see [31] ). In addition, validating may serve to keep the focus of the conversation on the adolescent's contributions, instead of shifting to the mother's own experience. This is similar to a previous study that found that confirmations were related to adolescent internalizing symptoms concurrently [21] , but this is the first study to examine validations in relation to PTSS in a cancer sample.
Study strengths include the longitudinal, multi-method design that allowed for prospective examination of risk factors near the time of diagnosis and during mother-adolescent communication about cancer. Most previous studies of PTSS in adolescent and young adult cancer survivors were retrospective and unable to draw on important clinical information near the time of diagnosis. This study also included both maternal and adolescent reports as well as direct observation. Observational studies of parent-child communication are rare but gaining attention in pediatric populations (e.g. [9, 22, 30] ), and provide important insights into family functioning and adolescent wellbeing. Although previous studies have examined communication in pediatric oncology specific to other dyads, such as patient-physician (e.g. [37] ), this study gives attention to mother-child conversations about cancer.
One study limitation was a relatively small sample size, resulting in the potential for Type II error and relatively low statistical power. The sample also reflected a restricted range of racial and ethnic diversity, and therefore may not be applicable to families of children with cancer that are not Caucasian. For example, some studies have shown that African American parents may demonstrate increased behavioral control and decreased warmth when interacting with their children compared to European American parents [38] . In addition, the study focused on one domain of distress, PTSS, to the exclusion of other outcomes that adolescents may face after cancer diagnosis. Different patterns of communication may be relevant for parental and adolescent symptoms of depression and anxiety. This study also focused on maternal communication; it is possible that different relations would emerge when examining father-child communication.
Another limitation is the exclusion of other processes that may be related to adolescent PTSS after cancer diagnosis, including coping and social support.
Given the current findings, an important topic for future research will be to examine PTSS using the DSM-5 model as well as symptom clusters within the new four-factor model [39] . Future work should also more closely examine trajectories of PTSS, to examine which families increase in distress over time and which decrease, and how this might be related to communication (e.g. [40] ). In addition, future studies should continue to examine potentially modifiable risk factors and potentially efficacious treatments for adolescents and mothers who experience pediatric cancer as traumatic and continue to evidence symptoms of posttraumatic stress over time. The results of the current study can inform future interventions, including family-based interventions that target both maternal and adolescent symptoms near the time of diagnosis as well as maternal-adolescent communication. Encouraging maternal communication that validates adolescents' experiences, thoughts, and emotions about their diagnosis and treatment would be an important intervention component.
